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Errata 

Several Comments 

Concerninq 2 Recently Proposed 

Maqnetospheric Model 

bY 

L. A .  Frank 

The contents of the section 
beginning on page 5 have been modified 
as follows. 



Rela t ionship  of the  polar  cusp and t h e  au ro ra l  oval  -- 
I arid e l e c t r o j e t .  

The i n t e r s e c t i o n  of  the  po la r  cusp with t h e  e a r t h ' s  

ionosphere i s  located a t  magnetic l a t i t u d e s  near o r  a t  t h e  

au ro ra l  e l e c t r o j e t  and the  au ro ra l  ova l  ( f o r  reviews of  ground- 

based observations of  these  phenomena see Hul tqvis t  [1969] 

and Fe lds te in  [1969]). In  f a c t  we t e n t a t i v e l y  i n t e r p r e t  

t h e  r e l a t i o n s h i p  a s  (1) t h e  electromotive force d r iv ing  

t h e  au ro ra l  e l e c t r o j e t  i s  provided by the  convection of 

f i e l d  l i n e s  i n  t h e  po la r  cusp, although the  exact  na ture  

of t h i s  energy t r a n s f e r  i s  not  y e t  known, and ( 2 )  t h e  

po la r  -crisp i n t e r s e c t s  t h e  ionosphere i n  a z m e  inmediately 

ad jacent  t o  and ly ing  poleward of t h e  aurora l  o v a l .  The 

po la r  cusp a t  intermediate  a l t i t u d e s  between t h e  magneto- 

sheath and t h e  ionosphere comprises two f ie ld-al igned 

shee t s ,  an e l ec t ron  shee t  ly ing  equatorward of t h e  proton 

shee t .  The compositions o f  these  two shee ts  are not  

mutually exc lus ive ,  I n  o the r  words, measurable i n t e n s i t i e s  

of protons and e l ec t rons  a r e  observed i n  both shee t s  with 

bands of enhanced proton and e l ec t ron  i n t e n s i t i e s  de l inea t ing  

t h e  proton and e l ec t ron  ' s h e e t s ' ,  respec t ive ly .  W e  have 

cu r ren t ly  completed an examination of a l a r g e r  series o f  



observations than were reported previously by Frank 119701 

for the latitudinal widths of these sheets as projected 

onto the ionosphere. Typical widths of each sheet were 

r\, 100 kilometers and were approximately equal for a given 

polar cusp crossing. Apparent sheet thicknesses varied 

over a range - 10 to 200 km. These two sheets intersect 

the sunlit ionosphere in a zone of ru lo to 36 in latitu- 

dinal width adjacent to and poleward of the visual auroral 

oval; the observational evidences supporting this claim 

will be presented in a forthcoming report. Hence the 

polar cap region of Figure 1 intersects the ionosphere 

at latitudes greater than - lo to 3 O  poleward of the high- 

latitude boundary of the visual auroral oval. 



Recent observations of the plasmas in the distant 

polar magnetosphere have been interpreted in terms of a 

new model of the magnetosphere [Frank, 19701. These mea- 

surements demonstrated that magnetosheath plasma gains 

direct access to the magnetosphere through two wide bands 

along the sunlit magnetopause at high latitudes, one each 

in the Northern and Southern hemispheres. The region in 

the sunlit magnetosphere to which the magnetosheath plasma 

has direct access is designated as the 'polar cusp'. The 

spatial relationship of the polar cusp and the plasma sheet 

in the magnetotail is shown in Figure 1 [Frank, 19701. 

Principal features of the proposed magnetospheric model 

are : 

0 plasma sheet protons gain direct access to 
the magnetosphere through the dayside polar 
cusps, 

0 all magnetic field lines, B'  and b', threading 
the distant plasma sheet beyond 10 or 12 R 
were convected from the dayside polar cuspg, 
i.e., originally field lines B and b, 

0 magnetic merging of geomagnetic field lines 
with magnetosheath field lines occurs along 
the polar cusps, 

0 these field lines are reconnected, B" and b", 
along the neutral sheet within the magnetotail 
and are convected toward the earth, 
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0 f i e l d  l i n e s  B" and b" a r e  subsequently convected 
i n t o  the  dayside outer  r ad ia t ion  zone, 

0 magnetic f i e l d  l i n e s  i n  the  polar  cap region, 
C and D, do not  merge i n  t h e  magnetotail ,  a r e  
not  populated with aurora l  p a r t i c l e s  and do 
not  pass  through the  plasma sheet ,  

0 a t  t h e  dayside magnetopause magnetic f i e l d  l i n e s  
of t he  polar  cap region (C and D)  and of t h e  o u t e r  
zone merge with t h e  f i e l d  l i n e s  i n  the  magneto- 
sheath t o  form polar-cusp f i e l d  l i n e s  (B and b ) ,  

0 f i e l d  l i n e s  of t h e  type B '  and b '  which do n o t  
merge a t  t he  neu t r a l  sheet  become polar  cap 
f i e l d  l i n e s  C and D and provide the  r e tu rn  of  
f i e l d  l i n e s  which w e r e  l o s t  t o  t he  polar  cap 
region a t  the  dayside p o l a r  cusps, 

0 f i e l d  l i n e s  i n  the polar  cap region ( C  and D) 
are connected t o  the  f i e l d  l i n e s  of the in t e r -  
planetary medium, and 

0 t h i s  magnetospheric model has three  d i s t i n c t  
convection pa t t e rns ,  inner  magnetospheric and 
Southern and Northern polar  cap, which a r e  
coupled v i a  magnetic merging along the  day- 
side polar  cusps and i n  t h e  neu t r a l  shee t  i n  
the magnetotail .  

Although the  d e t a i l s  of t h i s  model d i f f e r  i n  many ways 

from previously proposed models of magnetospheric convection 

and magnetic merging, it i s  c l e a r  t h a t  important guidel ines  

f r o m  models such a s  those proposed by Alfvdn [1950], Ax- 

ford and Hines [1961], Dungey [1961] and Piddington [1962] 

have been incorporated i n t o  the  present ly  proposed magne- 

tospheric  model [see the  recent review by Axford, 19691. 
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Our present purpose is to briefly comment on several 

of the properties and implications of this magnetospheric 

model. A more thorough analysis of these comments will be 

presented in future reports. 

Enerqy source - for maqnetospheric - and auroral phenomena. 

Magnetic merging at the sunlit magnetopause is the 

mechanism by which the energy associated with magnetosheath 

plasma is allowed into the magnetosphere: the magnetosheath 

protons are the dominant contributor to the power transferred 

from the magnetosheath to the magnetosphere through the 

dayside polar cusps. A current estimate for the magnitude 

of this energy source based upon in situ observations of 

the polar cusp plasmas is - 3 x lo1* ergs(sec)-' during 

periods of relative magnetic quiescence. This is a 

sufficient energy source to account for auroral substorms 

[cf. Parker, 1962: Sharp and Johnson, 19681. Magnetic 

merging appears to be a continually active process at the 

sunlit magnetosphere as evidenced observationally by the 

persistent presence of the polar cusp. The polar cusp 

is spatially continued into the magnetotail as the plasma 

sheet: polar cusp plasma is convected directly into the 

plasma sheet. A rough estimate of the magnetic flux con- 

vected into the plasma sheet from the polar cusps (or rate 
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of magnetic merging) can be obtained from observations of 

the bulk velocity (Vc of Figure 1) of the plasma within the 

polar cusp and its dimensions; this estimate yields 
2 - 0.5 y RE 

quiescence. 

-1 (sec) during periods of relative magnetic 

Length -- of the maqnetotail. 

An estimate of the length of the magnetic tail follows 

closely the spirit of a similar calculation given by Dungey 

[1965]. The length of the tail is determined by its 'age', 

or the time required for a polar cap field line ( C  or D) 

to move from local night to the sunlit magnetopause (cf. 

Figure l), and the velocity of the solar wind. The time 

required for the remainder of the path, i.e., motion along 

polar cusp to plasma sheet and return to the polar cap 

region is neglected here. Note also that the field lines 

over the polar cap region move in the solar direction for 

the present model, whereas in Dungey's model these field 

lines move the antisolar direction. Dungey estimated the 

velocity of the 'foot' of a polar cap field line from 

DS patterns. Since our polar cap convection is in qualita- 

tive disagreement with the sense of the DS current pattern 

we invoke the measured length of the magnetic tail [Ness 

-- et al, 19671, 2 10 RE, to estimate the magnitude of the 

polar cap electric field due to convection. The result 

3 
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of  t h i s  es t imate  is  < ten m i l l i v o l t s  (meter)-'. 

p resent  model it i s  poss ib le  t o  have one of the t a i l s  

(say,  t he  magnetic t a i l  associated with the  Northern polar  

cap) longer than the magnetic t a i l  from the  Southern polar  

I n  the 

cap region i f  the merging r a t e s  a t  the s u n l i t  magnetopause 

fo r  the two regions d i f fe red  for  a subs t an t i a l  period of 

time, 2 1 day. A magnetotail geometry such a s  t h i s  would 

provide a delay for  the a r r i v a l  of so l a r  protons over the 

e a r t h ' s  Northern polar  cap r e l a t i v e  t o  the a r r i v a l  of 

so l a r  protons over the  Southern polar  cap even i f  the an- 

gular  d i s t r i b u t i o n s  of the  so l a r  proton i n t e n s i t i e s  i n  the  

in te rp lane tary  medium were i s o t r o p i c .  

Relat ionship of the  polar  cusp and the auroral  oval 

- and e l e c t r o j e t .  

The in t e r sec t ion  of  the polar  cusp w i t h  the  e a r t h ' s  

ionosphere i s  located a t  magnetic l a t i t u d e s  near o r  a t  the 

auroral  e l e c t r o j e t  and the  auroral  oval  ( fo r  reviews of 

ground-based observations of these phenomena, see Hul tqvis t  

[1969] and Feldstein [1969]). I n  f a c t  we t e n t a t i v e l y  in t e r -  

p r e t  the re la t ionship  a s  (1) the auroral  e l e c t r o j e t  i s  

d i r e c t l y  driven by the  convection of f i e l d  l i n e s  i n  the,  

po lar  cusp and ( 2 )  the  p rec ip i t a t ion  of charged p a r t i c l e s ,  

s p e c i f i c a l l y  e lec t rons ,  from the  polar  cusp i n t o  the upper 

atmosphere i s  responsible for  the v isua l  auroral  ova l .  
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I n  o ther  words, the  electromotive force dr iv ing  the  aurora l  

e l e c t r o j e t  i s  derived from t h e  magnetosheath plasma v i a  the  

polar  cusp, t he  exact nature of t h i s  energy t r a n s f e r  is  

not y e t  known. The polar  cusp a t  intermediate a l t i t u d e s  

between the  magnetosheath and the  ionosphere i s  comprised 

of two field-aligned shee ts ,  an e lec t ron  shee t  ly ing  

equatorward of the  proton shee t .  W e  have cur ren t ly  com- 

p le ted  an examination of  a l a rge r  s e r i e s  of observations 

than were reported recent ly  by Frank [1970] fo r  t he  

l a t i t u d i n a l  widths of these  sheets a s  projected onto the  

ionosphere. Typical widths of each sheet  were - 100 k i lo-  

meters and w e r e  approximately equal fo r  a given polar  cusp 

crossing.  Apparent shee t  thicknesses var ied over a range - 10 t o  200 km. I n  the s u n l i t  ionosphere we a s soc ia t e  

the  e lec t ron  shee t  with t h e  v i sua l  aurora l  ova l .  Hence 

the  proton shee t  intersects the  ionosphere poleward and 

adjacent  t o  the  v i sua l  aurora l  ova l .  The polar  cap 

region of Figure 1 i n t e r s e c t s  the  ionosphere a t  l a t i t u d e s  

g rea t e r  than lo o r  2 O  above those of the  v i sua l  au ro ra l  

oval  pos i t i on .  

Polar and maqnetospheric substorms. 

I t  i s  of i n t e r e s t  t o  o u t l i n e  severa l  of t he  qual i -  

t a t i v e  e f f e c t s  of increased magnetic merging r a t e s  a t  the 
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polar  cusps i n  t h i s  magnetospheric model, which i n  turn  

would r e s u l t  i n  increased plasma f l o w  i n t o  the  magnetosphere 

through the  dayside polar  cusps.  These r e s u l t s  can be 

compared favorably with ground-based and i n  s i t u  observations 

a s  discussed i n  the  t e x t  describing magnetospheric and 

polar  substorms by Akasofu [1968]. With reference t o  

Figure 1, consider t he  effects  of an increased r a t e  of 

magnetic merging fo r  a period - 10 minutes ( a r b i t r a r i l y  

chosen).  Since t h e  aurora l  e lectrojet  is  d i r e c t l y  coupled 

t o  t h e  polar  cusp, during midday it w i l l  be immediately 

ac t iva ted  coincident w i t h  changes i n  the  f o r m  and inten- 

s i t i e s  of t h e  aurora l  ova l .  I f  the aurora l  oval moves 

equatorward during l o c a l  day then, s ince  t h e  plasma 

associated w i t h  increased merging r a t e s  has no t  y e t  pene- 

t r a t e d  the magnetotail  and the  number of po lar  cap f i e l d  

l i n e s  i s  less than o r  equal t o  those i n  t h i s  region before  

t h e  increased merging r a t e s ,  the  nighttime auroral  oval 

must move poleward without a la rge  i n t e n s i t y  va r i a t ion .  

Further ,  w i t h  increased merging a t  the  s u n l i t  magnetopause 

the inner  magnetospheric convection pa t t e rn  m u s t  increase 

i n  i n t e n s i t y  and d r ive  t h e  o r i g i n a l  plasma sheet toward 

t h e  ear th  r e su l t i ng  i n  an i n t e n s i f i c a t i o n  of t he  equatorward 

aurora l  arc and the  in j ec t ion  of substorm plasma i n t o  the  

inner  magnetosphere. A f t e r  per iods - 15 t o  30 minutes - 
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following the onset of increased magnetic merging the new 

plasma and its associated polar cusp magnetic field lines 

have been convected from polar cusp to the magnetotail. The 

arrival of the new plasma and magnetic field lines in the 

magnetotail accounts for the mid-substorm expansion of 

the plasma sheet. It is quite possible that this new 

plasma sheet is irribedded in the remains of the old sheet. 

The magnetosphere must subsequently return to equilibrium. 

Closed field lines (B" and b") are created by reconnection 

at the neutral sheet at a greater rate relative to the 

equilibrium state resulting in a larger number of closed 

field lines in the near-earth magnetotail during this 

recovery process. This recovery phase provides both 

equatorward and poleward motions of nighttime auroral 

phenomena and a poleward motion of the energetic electron 

'trapping boundary' at low altitudes. With regards to 

symmetry of these phenomena about the noon-midnight meri- 

dional plane, we mention here that the entrance of magneto- 

sheath plasma into the magnetosphere is controlled by 

magnetic merging. If the rate of magnetic merging is 

greatest, say, at Q 1O:OO local time (i.e., corresponding 

to the direction of the average interplanetary field then 

a dawn-evening asymmetry of polar cusp related phenomena 

can be expected. 
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Finally it is noted that, although the above comments 

are quite general, these examples do provide a 'working 

guide' as to the various applications of this proposed mag- 

netospheric model. 
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Fiqure Caption 

Figure 1. Diagram for  the s p a t i a l  re la t ionship  of the  

polar  cusp and plasma sheet  and the in t e rp re t a t ion  

of these plasma regimes i n  terms of t he  topology 

of the d i s t a n t  geomagnetic f i e l d .  (The pr in-  

c i p a l  elements of t h i s  magnetospheric model 

a re  summarized i n  the t e x t . )  
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